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We review the recent results on D and Dg meson semileptonic de- 
cays from CLEO-c. Comparisons with lattice quantum chromodynamics 
(LQCD) calculations and implications for B physics are also discussed. 
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1 Introduction 



In the Standard Model, the charge-changing transitions involving quarks are described 
by the Cabibbo-Kobayashi-Maskawa (CKM) matrix pLj- Semileptonic decays are the 
preferred way to determine the CKM matrix elements |2]. However, the power of 
semileptonic decays in probing the CKM matrix has been severely limited by our 
knowledge of the strong interaction effects. While techniques such as lattice quantum 
chromodynamics (LQCD) [3l H] offer increasingly precise calculations of the hadronic 
form factors, experimental validation of these predictions is highly desired. In charm 
semileptonic decays, the CKM matrix elements \Vcd\ and \ Vcs\ are tightly constrained 
by CKM unitarity. Therefore, precise measurements of charm semileptonic decay 
rates enable rigorous tests of theoretical calculations of the form factors. A validated 
theory can then be applied to the B sector of flavor physics with increased confidence 
to determine \Vub\- 

Studies of the exclusive semileptonic decays of the D and Ds mesons are also 
important for gaining a complete understanding of charm semileptonic decays, and 
as a probe of quark content and properties of the final state hadron. 

2 Experimental techniques 

In the past a few years, the experimental precision in charm semileptonic decays has 
been greatly improved. At CLEO-c, the dominant semileptonic analysis technique is 
D tagging. The D mesons are produced through the decays e~^e~ — )■ '?/'(3770) — )■ DD 
at the center-of-mass energy near 3.770 GeV. This is a particularly clean environment 
since there is not enough energy to produce any additional particles other than the 
DD. The presence of two D mesons in a ?/'(3770) event allows a tag sample to be 
defined in which a D is reconstructed in a hadronic decay mode. A sub-sample is then 
formed in which a positron and a set of hadrons, as a signature of a semileptonic decay, 
are required in addition to the tag. Tagging a D meson in a '?/'(3770) decay provides 
a D with known four-momentum, allowing a semileptonic decay to be reconstructed 
with no kinematic ambiguity, even though the neutrino is undetected. 

At a/s=4.170 GeV, the Dg mesons are dominantly from e~^e~ — )■ D*Ds [6j. Dg tag 
candidates are selected using hadronic final states, then combined with well recon- 
structed photons. The four-momentum of the tag Dg and photon combination yields 
the four- momentum of the signal Dg. 

3 Exclusive semileptonic decays of the D mesons 

For pseudoscalar-to-pseudoscalar semileptonic decays, when the lepton mass is negli- 
gibly small, the strong interaction dynamics can be described by a single form factor 
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Figure 1: Fits of the U distributions for — t- tt e+z/g (only a subset are shown). The 
unshaded histograms are signaL See Ref. [5] for details of the background components. 



/-t- (g^), where is the invariant mass of the lepton-neutrino system. The rate for a 
D semileptonic decay to a vr or meson is given by 
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where Gi? is the Fermi constant, Vcd{.s) is the relevant CKM matrix element, p is the 
momentum of the n or K meson in the rest frame of the parent D, and X = 1 or 1/2 
is a multiplicative factor due to isospin. 

After a tag is identified, a positron and a set of hadrons are searched for in the 
recoiling system against the tag. Semileptonic decays are identified using the variable 
U = -Emiss — c|pmiss|, whcre -Emiss and Pmiss are the missing energy and momentum of 
the D meson decaying semileptonically. Properly reconstructed decays are separated 
from backgrounds using an unbinned maximum-likelihood fit, executed independently 
for each semileptonic mode, each tag mode, and each bin. A sample of the U 
distributions for — )■ 7r~e+z/e is shown in Fig. [TJ The signal and background shapes 
of the fits are taken from Monte Carlo samples. 

The partial rates are then obtained by inverting the efficiency matrices, which 
account for both efficiency and the smearing across bins. Least squares fits are 
made to these partial rates, using several form factor parameterizations, among which 
the model- independent series expansion [7] is generally of most interest. Short surveys 
of these form factor parameterizations can be found in Refs. |5] and [8] and references 
therein. 

In Fig. [21 our Form factor shapes are compared between isospin conjugate modes 
and with the latest LQCD calculations [3]. Our results agree with LQCD calculations 
within uncertainties, but are much more precise. The LQCD bands are obtained using 
the modified pole model |9j. The agreement between experiment and LQCD is better 
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Figure 2: f+{q^) comparison between isospin conjugate modes and with LQCD cal- 
culations p]. The solid lines represent LQCD fits to the modified pole model. The 
inner bands show LQCD statistical uncertainties, and the outer bands the sum in 
quadrature of LQCD statistical and systematic uncertainties. 



at low than high q^. 

Recently, a new HPQCD calculation which employs a new approach for chi- 
ral/continuum extrapolations of fo{q^) and uses the kinematic variable "z" as in the 
series expansion, determines /_(^'^^(0) with a theory error a factor of 4 smaller than 
previous unquenched lattice results [3j. 

Taking the K:d(s) /+(0) values from the isospin-combined three parameter series 
expansion fits and using the latest LQCD measurements for /+(0) [1], we find \ Vcd\ = 
0.234 ± 0.007 ± 0.002 ± 0.025 and = 0.963 ± 0.009 ± 0.006 ± 0.024, where the 
third uncertainties are from the LQCD calculation of /+(0). These are in agreement 
with those based on the assumption of CKM unitarity [10]. Our \Vcs\ measurement 
is the most precise direct determination. The \Vcd\ measurement is the most precise 
using semileptonic decays. 

The form factors m. P ^ V transitions are studied at CLEO-c. The form factor 
measurement in D — t- pe+z/g is the first form factor measurement in Cabibbo sup- 
pressed P V transitions. When combined with the form factor in D ^ K*e^i'e, 
the form factor in D — )• pe^Vf. helps in determining |Vub| using the double ra- 
tio method [llj. We find B{D^ P"e+z/e) = (1.77 ± 0.11 ± 0.10) x lO'^ and 
B{D+ p°e+i/e) = (2.17 ± 0.13 ± 0.12) x 10"^. A four- dimensional log likelihood fit 
is performed to the isospin-conjugate modes simultaneously, the form factor ratios [2] 
are found to be Ry = 1.48 ± 0.15 ± 0.05 and R2 = 0.83 ± 0.11 ± 0.04. 

Using six hadronic tag modes, we made a non-parametric form factor measurement 
in — )■ K~n~^e~^i'e and K~t{^ ii'^u^ [T2j. The p/vr separation is based on several cuts 
such as the invariant mass of the K~7r^ candidate, and difference between -Emiss and 
IPmissI- Muons enable the study of the mass-suppressed helicity form factor Ht{q^). 
The form factor study includes the resonant and non-resonant K~t{^ . The projective 
weighting technique is used to distinguish the helicity basis form factors based on 
their contributions to the decay angular distribution. No evidence for d- or s-wave 
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K^TT^ component is seen. 

In addition to studying the existing modes with unprecedented precision, CLEO-c 
has many results from its searches for new semileptonic modes. One of the most 
recent results is the studies of — )■ rj/r]' /(pe'^Ug [1^, in which the decay — 
Tj'e^Ve is observed in two distinct analyses with statistical significance of 5.6 and 5.8 
standard deviations, respectively. These analyses also provide the first form factor 
measurement and an updated branching fraction for — t- rje^Uf,, and an upper limit 
for —7- (pe'^Uf. which is twice as restrictive as our previous limit [H]. 

4 Ds exclusive semileptonic decays 

The first absolute branching fraction measurements of the Dg semileptonic decays 
have been made by CLEO-c using 310 pb"^ of data at yi=4.170 GeV. Via 
the tagged analysis technique, six exclusive semileptonic modes are searched for. 
Among these, B{D+ K^e+Ue) = (0.37 ± 0.10 ± 0.02)% and B{D+ K*^e+Ue) = 
(0.18 ± 0.07 ± 0.01)% are the first measurements of Cabibbo suppressed exclusive 
Ds semileptonic decays. The measurement of B{D^ — )■ f^e'^i'e) x i3(/o — )■ tt+tt") = 
(0.13 ± 0.04 ± 0.01)% is the first direct evidence of a semileptonic decay including 
a scalar meson in the final state. By searching for several additional hadronic final 
states with two charge tracks with or without a vr'', we find no evidence of other Ds 
semileptonic decays. 

5 Inclusive semileptonic decays of and Ds 

Using the full sample of open-charm data collected at CLEO-c, the charm and 
charmed-strange meson inclusive semileptonic branching fractions are obtained [16]. 
Knowledge about exclusive semileptonic modes and form factor models are used to 
extrapolate the spectra below the 200 MeV momentum cutoff. The ratios of the 
semileptonic decay widths are determined to be F^^/F^^ = 0.985 ± 0.015 ± 0.024 
and F^^/F|}6 = 0.828 ± 0.051 ± 0.025. The former agrees with isospin symmetry. 
The latter ratio shows that there is an indication of difference between charm and 
charmed-strange meson semileptonic decay widths. 

6 Conclusions 

The CLEO-c semileptonic program has been highly successful. Most of CLEO-c charm 
semileptonic results have been updated using full data sets. Among the many inter- 
esting results, D — )■ Ke^Ve and ire^Ve form factors are in general agreement with 
LQCD. However, LQCD precision lags. Our \Vcs\ measurement is the most precise 
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direct determination. The \Vcd\ measurement is the most precise using semileptonic 
decays. 
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